The purpose of the present paper is to explore and empirically test the relationship between growth in per capita income and environmental degradation by employing econometric techniques appropriate for smooth transition regressions with panel data. The methodology is applied to a panel dataset for CO2 emissions from developing countries over the period 1971 to 1997. The results support the EKC hypothesis and generate a skewed smooth inverted-V model where the transition pattern appears to be asymmetric so that emissions increase at a slower rate than the rate at which they decrease once the income threshold is passed.
Introduction
The hypothesis of an inverted U-shaped relationship between growth in per capita income and environmental degradation, as illustrated by the Environmental Kuznets Curve (EKC), has recently been the subject of much empirical investigation (e.g. Shafik and Bandyopadhyay, 1992 , Panayotou, 1993 , Shafik, 1994 , Selden and Song, 1994 , Grossman and Krueger, 1995 , Holtz-Eakin and Selden, 1995 , de Bruyn et al., 1998 . Although, the EKC is essentially an empirical finding there are papers that have theoretically derived this relationship.
1 In particular, they obtain an inverted 'V-shaped' curve where pollution increases with income until some income threshold is passed, after which pollution is reduced (e.g. John and Pecchenino, 1994 , Stokey, 1998 , Jaeger, 1998 , Jones and Manuelli, 2001 ). John and Pecchenino (1994) consider an overlapping generations model where economies with low income or high environmental quality are not engaged in pollution abatement. As the environmental quality deteriorates with growth, the economy moves to a phase of positive abatement, and so the environment improves. Stokey (1998) generates an inverted Vshaped curve by considering a static optimization model where below a threshold income level only the dirtiest technologies are used. As economic activity and pollution increase, the threshold level is passed and cleaner technologies are adopted.
The basic idea underlying all these models is that when some income threshold is passed, the economy moves to another regime, with the emission-income relationship being different between the old and the new regime. In the inverted V models, the low-income regime is associated with an increasing emission-income relationship, while once the threshold is passed the emission-income relationship becomes decreasing.
The purpose of this paper is to explore and empirically test the inverted V model by employing econometric techniques appropriate for smooth transition regressions (STR) with panel data. STR models are a general class of regime-dependent nonlinear models in which the transition between regimes is endogenously generated 2 .
This framework allows for the emission-income relationship to depend on the regime (determined by the income of the economy) that occurs at any given observation, and to smoothly change between regimes. Particularly, it may imply a smooth inverted Vshaped 3 pollution-income path where pollution increases with income until income passes some threshold, after which pollution is reduced.
The present work expands the literature in two ways. First, it extends the STR with fixed-effects developed in Aslanidis and Xepapadeas (2004) by estimating two versions of a STR model, one with fixed-effects and another with random-effects.
Second, the transition process is allowed to be asymmetric and to deliver a skewed smooth inverted V model where the rates of increase and decrease of environmental quality might be different. This finding would suggest a feature of emissions not yet documented in the literature.
The methodology is applied to a panel dataset for CO2 emissions from 101 developing countries over the period 1971 to 1997. One of the underlying reasons for the EKC is that developed countries 'export' environmental degradation by relocating manufacturing activities to less developed countries whereas services (which are environmentally cleaner) gain relative importance in the developed countries (e.g. Arrow et al., 1995 , Stern et al., 1996 . This line of argument would then imply that 2 These models derive from the approach suggested by Teräsvirta and Anderson (1992) , Granger and Teräsvirta (1993) in the macroeconometrics literature and recently extended to panels by Aslanidis and Xepapadeas (2004) . 3 The theroretical papers derive the inverted V model, i.e., they obtain only two slopes for the emissionincome relationship, whereas our STR framework allows for a richer structure with a smooth change in slopes. That is why hereafter we talk of smooth inverted V.
there is a limit to environmental improvement as there would be no countries to which today's developing countries could export the environmentally dirty activities as they become wealthier. However, our results show that the EKC also holds for low-income countries -in particular, non-OECD countries and for carbon emissions, which are a major determinant of the greenhouse gas implicated in global warming. The fact that carbon dioxide is considerably more costly to abate and geographically propagate more easily than local air pollutants such as sulfur emissions make our results particularly interesting.
Methodology
Consider the smooth transition regression (STR) model
where it P is the log of carbon dioxide emissions per capita in country i in year t , The logistic function is symmetric around the threshold. That is, the logistic function imposes the same rate of change (in absolute values) in both regimes.
However, this transition mechanism might not always fit the data well. In fact, the logistic function is a special case of the generalized logistic function known as the Burr-type function (Burr, 1942) and given by ( ) the generalized logistic function is left skewed which means that the rate of increase in regime zero is smaller (in absolute value) than the rate of decrease in regime one. In the analysis of the ECK, this asymmetry makes it possible to derive a skewed smooth inverted-V-shaped curve by having emissions increasing at a slower rate than the rate at which they decrease after the incomethreshold is passed.
Estimation
Our specification includes country specific effects. Both fixed-effects (within-group estimator) and random-effects (feasible-GLS) estimation of the STR are considered. 
Inference and regime-switching effect
In order to test whether the regime-switching effect is statistically significant we approximate the transition function using a Taylor series expansion around 0 = γ as in Aslanidis and Xepapadeas (2004 As it turns out, equations (2) and (3) are the quadratic and cubic functions of the levels of income used as the benchmark econometric specifications in the environmental Kuznets curve (EKC) studies. Therefore, we justify the idea of regimeswitching in the analysis of the emission-income relationship by proving that the above auxiliary regressions derive from a STR specification. In this light, the STR model can be seen as the underlying specification within this literature.
Empirical results
The data set used in this study is taken from the International Energy Agency (IEA). Table 2 reports the estimated generalized logistic function STR (GLSTR) model with fixed-country effects (first panel) and random-country effects (second panel). In order to determine whether the threshold effect is statistically significant, we also report results for the test of no threshold effect by estimating the auxiliary regression (3). The regime-switching behaviour is found to be highly significant with a p-value of 0.000. Both the fixed and random effect models yield similar results. The thresholds divide the sample into two classes of countries, those with low income and those with middle income. The coefficients imply that during the early stages of economic development degradation and pollution go hand by hand, but beyond a per income of $10,000 this pattern smoothly reverses and thereafter economic growth is accompanied by environmental improvement. Thus, a smooth inverse-V-shaped pollution-income path is generated with peak emission levels somewhat in the range of middle-income countries. It is also interesting to notice that in all cases, the income variables are significant at the 1% level. 
Concluding remarks
This paper re-addresses the pollution-income path or EKC from a different perspective. A regime-switching model allowing for a smooth transition between regimes is developed. The basic idea behind this type of model is that when some income-threshold is passed, the economy moves to another regime, with the emissionincome relationship being different between the old and the new regime. The lowincome regime is associated with a positive emission-income relationship, while the relationship becomes negative once the threshold is passed. This framework is more intuitive and also more flexible than the quadratic or cubic polynomial model used in the previous literature. We obtain robust estimate of a smooth inverse-V shaped pollution-income path for CO2 emissions for non-OECD countries. Both fixed-effects and random-effects estimation of the model deliver similar results and the estimated turning points (thresholds) occur at reasonable values of per capita income of $10,000 which is on the middle-high income range of the sample. Our results are interesting for two main reasons. First, CO2 is a global pollutant whose spillover effect makes it difficult to be abated. Second, the finding of a EKC for developed countries has partly been justified by the composition effect, i.e., the idea that as countries grow they move to cleaner activities such as services while the dirtier sectors (manufacturing) are relocated to less developed countries. Although our estimation does not allow us to disentangle the forces at work, our results confirm the existence of a reduced-form ECK for CO2 emissions even for developing countries. Finally, the results include a novel finding in this literature, which is worth exploring further. The relationship between pollution and income appears to be asymmetric in both regimes. The rate at which emissions decrease after the turning point is passed is higher than the rate at which emissions increase in the early stages of growth. 
